INTRODUCTION
Acid hardening photoresists such as Shipley/Rohm and Haas SAL601-ER7 have recently been introduced with properties that make them attractive for IC circuit manufacture: high resolution, high contrast, aqueous processing, thermal stability, and high sensitivity [1, 2] . The objective of this study was to develop a positive resist with the characteristics of the acid hardening negative resist.
Exposure of the negative resist promotes crosslinking by photochemically generating an acid. The positive resist is achieved by using the same acid hardening chemistry, with photochemistry that inhibits the crosslinking in the exposed areas.
An amine base is photochemically generated in the exposed areas to inhibit the crosslinking. This approach is fundamentally different from those employed in photoresists now in use.
In the simplest form this photoresist consists of a polymer, a crosslinker that is activated by acid, an acid, and a photobase generator. The photobase generator is a compound that is not basic but -'ill produce a base upon exposure to radiation. Amines protected with photoremovable protecting groups work well in this capacity.
The process begins with a photoresist coated onto the substrate. Initially, the entire photoresist film contains sufficient acid to crosslink the resin upon heating. The film is then imagewise exposed to convert the photobase generator to an amine base. The base produced selectively in the exposed areas neutralizes the acid. Heating the film crosslinks the unexposed areas but leaves the exposed photoresist unchanged. Development removes the exposed photoresist, leaving a crosslinked image of the unexposed photoresist. This resist depends on reducing the solubility of the unexposed areas rather than increasing the solubility of the exposed areas.
Only a small amount of base must be generated, since only a catalytic amount of acid must be neutralized. Thus, this approach takes advantage of chemical amplification to enhance the sensitivity of the photoresist.
The resulting image has the properties that make the acid hardening photoresists attractive for integrated circuit preparation.
The photoresist as described above (using free acid) works well but generally suffers from a limited shelf life. The photoresist crosslinks (albeit slowly) into an insoluble gel even at room temperature, limiting the practical usefulness of the photoresist. This limitation can be circumvented by the use of thermal acid generator. A thermal acid generator is a compound which is not acidic but which produces an acid upon heating. A photoresist prepared using a thermal acid generator rather than a free acid is stable at ambient temperatures.
The resist film is free of acid until it is subjected to the post exposure bake where acid is required for the crosslinking. This approach keeps the resist free of acid during storage to give it an adequate shelf life.
Fortunately Exposure to UV radiation cleaves the amide linkage to produce a free amine. The mechanism of the photochemical amine generation for 2-nitrobenzyl carbamates follows the path illustrated below [5, 6] . 
